
METHODS OF CREATING CONSTRUCTS USEFUL FOR INTRODUCING
SEQUENCES INTO EMBRYONIC STEM CELLS

CROSS REFERENCE TO RELATED APPLICATION

This application is a continuation-in-part of provisional application

60/084,949, filed on May 1 1, 1998, and ofprovisional application 60/084,194 filed on

November 17, 1997, both ofwhich are incorporated herein by reference in their

entirety.
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This invention is in the field of molecular biology and medicine. More

specifically, it relates to novel vector constructs and to methods of making DNA

constructs for introducing targeted mutations into embryonic stem cells.

BACKGROUND

A major challenge facing biologists today is determining the function ofover

halfa million partial cDNA sequences of various genes, known as expressed sequence

tags (ESTs), that are publicly available. In most cases the function ofthe full-length

genes represented by the ESTs remains unknown. Thus, the ability to determine

function ofthese gene sequences is im[X)rtant for disease diagnosis, prediction,

prevention and treatment

In recent years, mouse geneticists have succeeded in creating transgenic

animals by manipulating the genes of developing embryos and introducing foreign

genes into these embryos. Once these genes have integrated into the genome of the

recipient embryo, the resulting embryos or adult animals can be analyzed to determine

the function ofthe gene.

U.S. Patent Nos. 5,464,764 and 5,487,992 describe one type oftransgenic

animal in which the gene of interest is deleted or mutated sufBcientiy to disrupt its
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function. These "knock-out" animals are made by taking advantage of the phenomena

of homologous recombination. {See, also U.S. Patent Nos. 5,631,153 and 5,627,059).

Briefly, conventional targeting DNA vectors contain (1) tv^^o blocks ofDNA

sequences that are homologous to separate regions of the target site; (2) a DNA

5 sequence that codes for resistance to the compound G4 1 8 (Nee") between the two

blocks ofhomologous DNA (/.e. positive selection marker) and (3) DNA sequences

coding for herpes simplex virus thymidine kinases (HSV-tkl and HSV-tk2) outside of

the homologous blocks (/' e. negative selection marker). When this vector is

introduced into the embryonic stem cell, homologous recombination inserts the Neo^

1 0 gene into the target genome, dismpting function of that gene.

^= The production of constructs useful in producing knock-out animals is a time

m labor intensive process. {See, e.g., U.S. Patent No. 5,464,764) First, genomic

clones must be isolated by screening a genomic library with a radioactive probe. To

isolate an individual clone requires multiple screens and can take more than 3 weeks.

J:;
1 5 Once the clone is isolated, a restriction map is created in order to aid in the

identification of fragments flanking the gene ofinterest. Again, this process can take

several weeks. Finally, the flanking sequences are cloned into the targeting vector.

p;j Even in methods w^ch make use ofpolymerase chain reaction techniques, a partial

restriction map ofthe gene locus is created. (See, Randolph et al. (1 996) Transgenic

iflJ
20 ^e^eflrc/i 5:413-420). In all, using conventional techniques, production ofa DNA

targeting construct can take several months.

SUMMARY OF THE INVENTION

25 The present invention provides novel constructs {e,g., plasmid vectors) useful

in a rapid and efficient method for generating DNA constmcts suitable for

introduction into embiyonic stem cells. The novel methods described herein

eliminate the need for the traditional hybridization isolation ofa single genomic clone,

restriction majiping of the clone and multiple cloning steps. Thus, the present

30 invention provides an unexpected reduction in the time required for making a "knock-

out" vector. Methods described in the art require 2 to 4 months to accomplish what

the claimed invention can achieve within 1-2 weeks.
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The unexpected increase in efficiency accomplished by the methods described

herein involves methods that have not previously been applied to the process of

making a "knock-out" vector, including identification of a complex mixture

containing the clone of interest, long-range polymerase chain reaction (VCR) and

ligation independent cloning. The present inventors are the first to generate a

construct without isolating an individual genomic clone or mapping the restriction

sites withm the clone. Furthermore, the inventors are also the fiist to generate knock-

out constructs using ligation independent cloning, including four-way annealing of

nucleotide fragments. The subject invention provides novel constructs and efficient

methods ofmaking constructs which, when mtroduced into embryonic stem cells,

deletes or mutates a specific gene in the target animal.

In one aspect, the invention includes a nucleotide construct comprising a

sequence encoding a positive selection marker flanked by restriction enzyme sites.

The restriction enzyme sites are flanked, on the side opposite the positive selection

marker, by sequences which are not complementary to each other and which do not

include one of the four types of base pairs at any position. The vector construct can

be treated so that single-stranded regions are created at each seqtience flanking one

side ofthe restriction enzyme sites. More specifically, the nucleotide construct

comprises a sequence encoding a positive selection marker flanked on each side by at

least one restriction enzyme site. Preferably, the restriction enzyme site on each side

of the positive selection marker is a unique site. Each of the aforementioned

restriction enzyme site is flanked by a pair of annealing sites which do not contain at

least one type ofbase at any positioa The construct can be treated to create single-

stranded regions and this creates the pair of annealing sites. None ofthe four

annealing sites are complementary to each other so that when single-stranded regions

are created, they cannot anneal to each other to reseal the vector, i.e., the single

stranded regions are incompatible overhangs. However, the single stranded overhangs

are compatible with, and can anneal to, the single stranded ends of insert fragments

containing sequences homologous to the target gene or a target sequence. The

restriction enzyme sites and annealing sites are designed for directional cloning.

Such a construct is illustrated, for example, in figure 2A which shows the

plasmid pDG2. Plasmid pDG2 contains a unique restriction site, Sac II, between



annealing sites 1 and 2 flanking one side ofthe positive selection marker (Neo' in this

case), and another unique restriction site, Sac I lying between annealing site 3 and site

4 flanking the other side of the positive selection marker.

In one embodiment, single-stranded regions are created by treating the vector

5 with the appropriate restriction enzymes and with a DNA polymerase, for instance, T4

DNA polymerase. This procedure is described in detail in Example 1 below. In one

embodiment, the construct comprises a plasmid vector and the positive selection

marker is a neomycin resistance gene (Neo"). Preferably, the screening marker on the

side of the restriction enzyme sites outside the regions of the construct which are

10 homologous to the target sequence, shown for example in Figure 7, as opposite the

positive selection marker. The screening marker can be green fluorescent protein

(GFP) or a modified fluorescent protein.

In another embodiment, the construct of the present invention also includes a

negative selection marker on the side of the restriction sites opposite the positive

1 5 selection marker (e.g., next to the plasmid backbone sequences). The negative

selection marker can be thymidine kinase (tk). However, unlike conventional targeted

DNA constructs, the constructs described herein do not require, and are preferably

made without, a negative selection marker.

In yet another preferred embodiment, the construct is the plasmid vector

20 "pDG2" and has the sequence shown in SEQ ID NO: 1 . The construct can also be the

plasmid vector "pDG4," as shown in SEQ ID N0:2.

In another aspect, the invention provides a method of making a DNA construct

useful in introducing a nucleotide sequence into a target DNA, comprising (a)

amplifying a polynucleotide comprising two different nucleotide sequences

25 substantially homologous to the target DNA; and (b) inserting a gene encoding for a

positive selection marker between the two different nucleotide sequences substantially

homologous to the target DNA. The positive selection marker may be, for example, a

neomycin resistance gene (NeoO- Preferably, tiie amplification step is performed in

one-step fi:om a genomic DNA library using, for example, oligonucleotide primers in

30 a PGR reaction. In a preferred embodiment, the library is a plasmid library. In

another embodiment, the amplified polynucleotide further comprises a gene encoding

a selectable marker, for example, a gene encoding for ampicillin resistance. The
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vector can also include a second sequence coding for a screening marker, for example,

green fluorescent protein (GFP), or another modified fluorescent protein.

In another aspect, the present invention also includes a method ofmaking a

DNA construct useful in introducing a nucleotide sequence into a target DNA,

5 comprising: (a) providing a poiynucleotide(s) substantially homologous to the target

DNA; (b) generating two different fragments ofthe poiynucleotide(s); (c) providing a

vector having a gene encoding for a positive selection marker; and (d) using ligation

independent cloning to insert the two different fiagments into the vector to form the

construct, wherein the positive selection marker is between the two different sequence

1 0 fi^gments in the construct. The positive selection marker can be a neomycin

q resistance gene (Neo') and the vector may be pDG2 (SEQ ID NO: 1) or pDG4 (SEQ

-IJ ID NO:2). The vector can also include a second sequence coding for a screening

55 marker, for example, green fluorescent protein (GFP) or another modified fluorescent

^^1 protein. The vector can also include a second sequence coding for a negative
in
i'" 15 selection marker.

^ ' In another embodiment, the method includes PGR amplifying the fragments

with oligonucleotide primers having 5
' sequences which do not have one ofthe four

J-;
base pairs at any position (also refen^d to herein as lacking one nucleotide). The 5

*

ri I
sequences lacking one type of base are at least 5, preferably 1 2, even more preferably

5 !
20 at least 20 to 25 nucleotides in length. In one embodiment, the oligonucleotide

=11.1

sequences are shown in SEQ ID NOs 3 to 1 0. In another embodiment, the

oligonucleotide sequences are shown in SEQ ID NOs 3 to 44. The present invention

also includes a method ofmaking aDNA construct wherein the ligation independent

cloning is performed in one step or in two steps.

25 The invention also provides a method of disrupting the function ofa target

sequence or gene in a cell by (a) inserting sequences homologous to the target gene

into a construct of the invention as described above, such that the sequences

homologous to the target gene flank the positive selection marker, to produce a

targeting construct; and (b) introducing the targeting construct mto the cell to produce

30 a homologous recombinant wherein the function ofthe target gene or sequence is

disrupted. In a prefenred embodiment, the cell is an ES cell. A targeting construct

produced by this method is also provided.
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Another aspect of the invention is a method of enriching for the desired non-

random integrant of the targeting vector wherein homologous recombination between

the targeting vector and the target sequence or gene has mutated or disrupted the

target gene. The enrichment step involves screening cells that have taken up the

5 targeting construct, with ultraviolet light and identifying cells that do not fluoresce,

for further testing by PGR or other methods to confirm the targeted mutation.

In yet another aspect, the invention includes a host cell or an animal containing

a construct described herein. Where the constmct is a targeting construct, preferably,

the targeting construct disrupts the function of the target gene within the host cell or

10 animal.

As will become apparent, preferred features and characteristics of one aspect

of the invention are applicable to any other aspect of the invention.

p! 15 BRIEF DESCRIPTION OF THE DRAWINGS

^ Figure 1 is a schematic depicting one method of constructing a targeting vector

p of the present invention. The plasmid PGR method is described in Examples 9 and

fIJ Figure 2A is a schematic depicting the pDG2 vector. The vector contains an

5 J

20 ampicillin resistance gene and a neomycin (NeoO gene. On each side of the Neo"^ gene

are two sites for ligation independent cloning along with restriction sites. The

sequence ofpDG2 is shown in Figure 2B and SEQ ID NO: 1

:

Figure 3A is schematic depicting the pDG4 vector. The vector contains an

ampicillin resistance gene, a neomycin (NeoO gene and a green fluorescent protein

25 (GPP) gene. On each side of the Neo' gene are two sites for ligation independent

cloning along with restriction enzyme recognition sites. The sequence ofpDG4 is

shown in Figure 3B and SEQ ID N0:2.

Figure 4 (SEQ ID N0:3 through SEQ ID NO: 10) shows the nucleic acid

sequence before and after T4 polymerase treatment of annealing sites 1-4 contained

30 on the ends ofPGR amplified genomic DNA.
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Figure 5 (SEQ ID N0:1 1 through SEQ ID NO: 18) shows the nucleic acid

sequence before and after T4 polymerase treatment of annealing sites 1-4 contained

within the pDG2 vector.

Figure 6 shows the arrangement of 5' and 3' flanking DNA relative to

5 annealing sites 1, 2, 3 and 4 within the pDG2 vector during an annealing reaction.

Figure 7 shows the arrangement of 5' and 3' flanking DNA relative to

annealing sties 1, 2, 3 and 4 and the GFP screening marker within the pDG4 vector

during an annealing reaction.

Figure 8 shows the sequences of the oligonucleotide primers (SEQ ID NO: 19

10 through SEQ ID NO:44) used in Examples 4 to 10. The lower case sequences aie to

cloning sites (e.g. ligation independent cloning sequences).

MODES FOR CARRYING OUT THE INVENTION

1 5 Throughout this application, various publications, patents, and published

patent applications are referred to by an identifying citation. The disclosures ofthese

publications, patents, and published patent specifications referenced in this application

are hereby incorporated by reference into the present disclosure to more fully describe

the state ofthe art to which this invention pertains.

20 In one aspect, the present invention provides a novel fast and efficient method

ofmaking a construct suitable for introducing targeted mutations into embryonic stem

(ES) cells. In a preferred embodiment, the construct is generated in two steps by (1)

amplifying (for example, using long-range PGR) sequences homologous to the target

sequence, and (2) inserting another polynucleotide (for example a selectable marker)

25 into the PGR product so that it is flanked by the homologous sequences. Typically,

the vector is a plasmid from a plasmid genomic library. The completed construct is

also typically a circular plasmid. Thus, as shown in Figure 1 ,
using long-range PGR

with "outwardly pointing" oligonucleotides results in a vector into which a selectable

marker can easily be inserted, preferably by ligation independent cloning. The

30 construct can then be introduced into ES cells, where it can disrupt the function of the

homologous target sequence.
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In another aspect, two separate fragments of a clone of interest are amplified

and inserted into a vector containing a positive selection marker using ligation

independent cloning techniques. In this embodiment, the clone of interest is generally

from a phage library and is identified and isolated using PGR techniques. The ligation

5 independent cloning can be performed in two steps or in a single step.

The methods of the present invention typically result in a finished construct

within one week and is thus much more rapid than the several months currently

needed to make a knock-out construct using conventional techniques.

The practice of the present invention will employ, unless otherwise indicated,

1 0 conventional techniques of molecular biology, microbiology, cell biology and

recombinant DNA, which are within the skill of the art. See, e.g., Sambrook, Fritsch,

and Maniatis, MOLECULAR CLONING: A LABORATORY MANUAL, 2nd edition (1989);

CURRENT PROTOCOLS IN MOLECUUVR BIOLOGY, (P.M. Ausubel et al. eds., 1987); the

series METHODS IN ENZYMOLOGY (Academic Press, Inc.); PCR 2: A PRACTICAL

1 5 APPROACH (M.J. McPherson, B.D. Hames and G.R. Taylor eds., 1 995) and ANIMAL

CELL CULTURE (R-L Frcshney. Ed., 1987).

Definitions

As used herein, certain terms will have the following specific meanings.

20 The terms "polynucleotide" and "nucleic acid molecule" are used

interchangeably to refer to polymeric forms of nucleotides ofany length. The

polynucleotides may contain deoxyribonucleotides, ribonucleotides, and/or their

analogs. Nucleotides may have any three-dimensional structure, and may perform any

function, known or imknown. The term "polynucleotide" includes single-, double-

25 stranded and triple helical molecules.

"Oligonucleotide" refers to polynucleotides ofbetween about 5 and about 1 00

nucleotides of single- or double-stranded DNA. Oligonucleotides are also known as

oligomers or oligos and may be isolated from genes, or chemically synthesized by

methods known in the art. A "primer" refers to an oligonucleotide, usually single-

30 stranded, that provides a 3 *-hydroxyl end for the initiation ofenzyme-mediated

nucleic acid synthesis.
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The following are non-limiting embodiments of polynucleotides: a gene or

gene fragment, exons, introns, mRNA, tRNA, rRNA, ribozymes, cDNA, recombinant

polynuciectides, branched polynucleotides, plasmids, vectors, isolated DNA of any

sequence, isolated RNA of any sequence, nucleic acid probes, and primers. A nucleic

5 acid molecule may also comprise modified nucleic acid molecules, such as methylated

nucleic acid molecules and nucleic acid molecule analogs. Analogs of purines and

pyrimidines are known in the art, and include, but are not limited to,

aziridinycytosine, 4-acetylcytosine, 5-fiuorouracil, 5-bromouracil, 5-

carboxymethylaminomethyl-2-thiouracil, 5-carboxymethyl-aminomethyluracil,

10 inosine, N6-isopentenyladenine, 1 -methyladenine, 1-methylpseudouracil, 1-

methylguanine, 1-metfaylinosine, 2,2-dimethylguanine, 2-methylademne, 2-

methylguanine, 3-methylcytosine, 5-methylcytosine, pseudouracil, 5-pentylnyluracil

and 2,6-diaminopurine. The use of uracil as a substitute for thymine in a

deoxyribonucleic acid is also considered an analogous form of pyrimidine.

1 5 A "fi^igment" (also called a "region") of a polynucleotide is a polynucleotide

01
comprised of at least 9 contiguous nucleotides, preferably at least 1 5 contiguous

Q nucleotides and more preferably at least 45 nucleotides, ofcoding or non-coding

pj sequences.

5f As used herein, "base pair," also designated "bp," refers to the complementary

5^ 20 nucleic acid molecules. In DNA there are four "types" of bases: purine adenine (A) is

hydrogen bonded with the pyrimidine base thymine (T), and the purine guanine (G)

with pyrimidine cytosine (C). Each hydrogen bonded base pair set is also known as

Watson-Crick base-pairing. A thousand base pairs is often called a kilobase pair, or

kb. A "base pair mismatch" refers to a location in a nucleic acid molecule in which

25 the bases are not complementary Watson-Crick pairs. The phrase "does not include at

least one type ofbase at any position" refers to a nucleotide sequence which does not

have one of the four bases at any position. For example, a sequence lacking one

nucleotide (i.e., lacking one type ofbase) could be made up ofA, G, T base pairs and

contain no C residues.

30 The term "construct" refers to an artificially assembled DNA segment to be

transferred into a target tissue, cell line or animal, including human. Typically, the

construct will include the gene or a sequence of particular interest, a marker gene and
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appropriate control sequences. The tenn "plasmid" refers to an autonomous, self-

replicating extrachromosomal DNA molecule. In a preferred embodiment, the

plasmid construct of the present invention contains a positive selection marker

positioned between two flanking regions of the gene of interest. Optionally, the

construct can also contain a screening marker, for example green fluorescent protein

(GFP). If present, the screening marker is positioned outside ofand some distance

away from the flanking regions.

The term "polymerase cham reaction" or "PGR" refers to a method for

amplifying a DNA base sequence using a heat-stable polymerase such as Taq

polymerase, and two oligonucleotide primers, one complementary to the (+)-strand at

one end ofthe sequence to be amplified and the other complementary to the (- )-strand

at the other end. Because the newly synthesized DNA strands can subsequently serve

as additional templates for the same primer sequences, successive roimds of primer

armealing, strand elongation, and dissociation produce exponential and highly specific

amplification ofthe desired sequence. PGR also can be used to detect the existence of

the defined sequence in a DNA sample. "Long-range" refers to PGR conditions

which allow amplification of large nucleotides stretches, for example, greater than 1

kb.

As used herein, the term "positive selection marker" refers to a gene encoding

a product that enables only the cells that carry the gene to survive and/or grow under

certain conditions. For example, plant and animal cells that express the introduced

neomycin resistance (Neo') gene are resistant to the compound G418. Gells that do

not carry the Neo' gene marker are killed by G418. Other positive selection markers

will be known to those of skill in the art.

"Positive-negative selection" refers to the process of selecting cells that cany a

DNA insert integrated at a specific targeted location (positive selection) and also

selecting against cells that cany a DNA insert integrated at a non-targeted

chromosomal site (negative selection). Non-limiting examples of negative selection

inserts include the gene encoding thymidine kinase (tk). Genes suitable for positive-

negative selection are known in the art, see e.g., U.S. Patent 5,464,764.

"Screening marker" or "reporter gene" refers to a gene that encodes a product

that can readily be assayed. For example, reporter genes can be used to determine
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whether a particular DNA construct has been successfully introduced into a cell, organ

or tissue. Non-limiting examples of screening markers include genes encoding for

green fluorescent protein (GFP) or genes encoding for a modified fluorescent protein.

"Negative screening marker" is not to be construed as negative selection marker; a

5 negative selection marker typically kills cells that express it.

The term "vector" refers to a DNA molecule that can cany inserted DNA and

be perpetuated in a host cell. Vectors are also known as cloning vectors, cloning

vehicles or vehicles. The term includes vectors that function primarily for insertion of

a nucleic acid molecule into a cell, replication vectors that function primarily for the

1 0 replication of nucleic acid, and expression vectors that function for transcription

CJ and/or translation of the DNA or RNA. Also included are vectors that provide more

ff,
than one of the above functions. In a preferred embodiment, the vector contains sites

Oil useful in the methods described herein contains for example, the vectors "pDG2" or
illl

S i "pDG4" as described herein.

r'-' 1 5 A "host cell" includes an individual cell or cell culture which can be or has
01
_ been a recipient for vector(s) or for incorporation of nucleic acid molecules and/or

proteins. Host cells include progeny ofa single host ceil, and the progeny may not

h\ necessarily be completely identical (in morphology or in total DNA complement) to

^ the original parent due to natural, accidental, or deliberate mutadon. A host cell

n\ 20 includes cells transfected with the constructs of the present invention.

The term "genomic library" refers to a collection of clones made ftom a set of

randomly generated overlapping DNA fragments representinig the entire genome of an

organism. A "cDNA library" (complementary DNA library) is a collection of all of

the mRNA molecules present in a cell or organism, all turned into cDNA molecules

25 with the enzyme reverse transcriptase, then inserted into vectors (other DNA

molecules which can continue to replicate after addition of foreign DNA). Exemplary

vectors for libraries include bacteriophage (also known as "phage**), which are viruses

that infect bacteria, for example lambda phage. The library can then be probed for the

specific cDNA (and thus mRNA) of interest. In one embodiment, library systems

30 which combine the high efficiency of a phage vector system with a plasmid system

(for example, ZAP system from Stratagene, La JoUa, CA) are used in the practice of

the present invention.
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The term "homologous recombination" refers to the exchange ofDNA

fragments between two DNA molecules or chromatids at the site of essentially

identical nucleotide sequences. Similarly, "substantially homologous" refers to

polynucleotide sequences that are essentially identical. For example, homology can

5 be determined using a "blastn" algorithm. It is understood that substantially

homologous sequences can accommodate insertions, deletions, and substitutions in

the nucleotide sequence. Thus, linear sequences of nucleotides can be essentially

identical even if some of the nucleotide residues do not precisely correspond or align.

As used herein the term "ligation independent cloning" is used in the

10 conventional sense to refer to incorporation ofa DNA molecule into a vector or

chromosome without the use of kinases or ligases. Ligation independent cloning

techniques are described, for instance, in Aslanidis and de Jong, (1991) Nucleic Acids

Research 18:6069-6074 and U.S. Patent Application Serial No. 07/847,298.

A '*transgemc animal" refers to a genetically engineered animal or offspring of

1 5 genetically engineered animals. The transgenic animal usually contains genetic

material firom at least one unrelated organism, such as from a bacteria, virus, plant, or

other animal.

As used herein, the term *'target DNA" refers to the nucleic acid molecule or

polynucleotide having a sequence in the general population that is not associated with

20 any disease or discernible phenotype. It is noted that in the general population, wild-

type genes may include multiple prevalent versions that contain alterations in

sequence relative to each other and yet do not cause a discernible pathological effect.

These variations are designated "polymorphisms" or "allelic variations."

In a preferred embodiment, the target DNA comprises a portion of a particular

25 gene or genetic locus in the individual's genomic DNA, Preferably, the target DNA

comprises part ofa particular gene or genetic locus in Avhich the function of the gene

product is not known, for example a gene identified using a partial cDNA sequence

such as an EST.

The term "exonuclease" refers to an enzyme that cleaves nucleotides

30 sequentially from the free ends of a linear nucleic acid substrate. Exonucleases can be

specific for double or single stranded nucleotides and/or directionally specific, for

instance, 3 '-5' and/or 5 '-3'. Some exonucleases exhibit other enzymatic activities, for
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example, T4 DNA polymerase is both a polymerase and an active 3*-5* exonuclease.

Other exemplary exonucleases include exonuclease III which removes nucleotides one

at a time from the 5'-end of duplex DNA which does not have a phosphorylated 3'-

end, exonuclease VI which makes oligonucleotides by cleaving nucleotides off of

both ends of single-stranded DNA, and exonuclease lambda which removes

nucleotides from the 5' end of duplex DNA which have 5 '-phosphate groups attached

to them.

Constructs

The present invention provides novel constructs having multiple sites where

5 '-3' single-stranded regions can be created. These constructs, preferably plasmids,

include a vector capable of directional, four-way ligation independent cloning. By

making tise of these novel constructs, the present invention also offers an alternative,

time-saving method for preparing a DNA construct. Examples of these constructs are

shown in Figures 2 and 3.

The constructs typically include a sequence encoding a positive selection

marker such as a gene encoding neomycin resistance; a restriction enzyme site on

either side of the positive selection marker and a sequence flanking the restriction

enzyme sites which does not contain one of the four base pairs. This configuration

allows single-stranded ends to be created in the sequence by digesting the construct

with the appropriate restriction enzyme and treating the fragments with a compound

having exonuclease activity, for example T4 DNA polymerase.

Methods

In one preferred embodiment, a constract stiitable for introducing targeted

mutations into ES cells is prepared directly from a plasmid genomic library. Using

long-range PGR with specific primers, a sequence of interest is identified and isolated

from the plasmid library in a single step. Following isolation ofthis sequence, a

second polynucleotide that will disrupt the target sequence can be readily inserted

between two regions encoding the sequence of interest. Using this direct method a

targeted construct can be created in as little as 72 hours. In another embodiment, a
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targeted construct is prepared after identification of a clone of interest in a phage

genomic library as described in detail below.

The methods described herein obviate the need for hybridization isolation,

restriction mapping and multiple cloning steps. Moreover, the function of any gene

5 can be determined using these methods. For example, a short sequence (e.g., EST)

can be used to design oligonucleotide probes. These probes can be used in the direct

amplification procedure to create constructs or can be used to screen genomic or

cDNA Ubraries for longer full-length genes. Thus, it is contemplated that any gene

can be quickly and efficiently prepared for use in ES cells.

10

1. Generation of Constructs from Plasmid Libraries

A. Plasmid Genomic Libraries

In a preferred embodiment, constructs are prepared directly from a plasmid

genomic library. The library can be produced by any method known m the art.

15 Preferably, DNA from mouse ES cells is isolated and treated with a restriction

endonuclease which cleaves the DNA into fragments. The DNA fragments are then

inserted into a vector, for example a bacteriophage or phagemid (e.g., Lamda ZAP™,

Stratagene, La JoUa, CA) systems. When the library is created in the ZAP™ system,

the DNA fragments are preferably between about 5 and about 20 kilobases.

20 Preferably, the organism(s) from which the libraries are made will have no

discernible disease or phenotypic effects. Preferably, the library is a mouse library.

This DNA may be obtained from any cell source or body fluid. Non-Umiting

examples of cells sources available in clinical practice include ES cells, liver, kidney,

blood cells, buccal cells, cerviovaginal cells, epithelial cells from urine, fetal cells, or

25 any cells present in tissue obtained by biopsy. Body fluids mclude urine, blood,

cerebrospinal fluid (CSF), and tissue exudates at the site of infection or inflammation.

DNA extracted from the cells or body fluid using any method known in the art.

Preferably, the DNA is extracted by adding 5 mL of lysis buffer (10 mM Tris-HCl pH

7.5), 10 mM EDTA (pH 8.0), 10 mM NaCl, 0,5% SDS and 1 mg/mL Proteinase K) to

30 a confluent 100 mm plate ofembryonic stem cells. The cells are then incubated at

about 60°C for several hours or until fully lysed. Genomic DNA is purified from the
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lysed cells by several rounds of gentle phenolxhloroform extractions followed by an

ethanol precipitation. For convenience, the genomic library can be arrayed into pools.

B. Long-Range Polymerase Chain Reaction (PCR)

5 In a preferred embodiment, a sequence of interest is identified from the

plasmid library using oligonucleotide primers and long-range PCR. Typically, the

primers are outwardly-pointing primers which are designed based on sequence

information obtained from a partial gene sequence, e,g:, a cDNA or an EST sequence.

As depicted for example in Figure 1, the product will be a linear fragment that

10 excludes the region which is located between each primer.

PCR conditions found to be suitable are described below m the Examples. It

will be understood that optimal PCR conditions can be readily determined by those

skilled in the art. {See, e.g., PCR 2: A PRACTICAL APPROACH (1 995) eds. M.J.

McPherson, B.D. Hames and G.R Taylor, IRL Press, Oxford, Yu et al. (1996)

15 Methods Mol Bio. 58:335-9; Munroeera/. (1995) Proc. Nat'lAcad Sci. USA

92(6):2209-13). PCR screening ofUbraries eliminates many of the problems and

time-delay associated with conventional hybridization screening in which the library

must be plated, filters made, radioactive probes prepared and hybridization conditions

established. PCR screening requires only oligonucleotide primers to sequences

20 (genes) of interest. PCR products can be purified by a variety of methods, including

but not limited to, microfiltradon, dialysis, gel electrophoresis and the like. It may be

desirable to remove the polymerase used in PCR so that no new DNA synthesis can

occtir. Suitable thennostable DNA polymerases are commercially available, for

example, Vent™ DNA Polymerase (New England Biolabs), Deep Vent™ DNA

25 Polymerase (New England Biolabs), HotTub™ DNA Polymerase (Amersham),

Thermo Sequenase™ (Amersham), rBst™ DNA Polymerase (Epicenter), Pfu™ DNA

Polymerase (Stratagene), Amplitaq Gold™ (Perkin Ehner), and Expand™

(Boehringer-Mannheim).

30 Construct Assembly: Ligation Independent Cloning

To form the completed construct, a sequence which will disrupt the target

sequence is.inserted into the PCR amplified product. For example, as described
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herein, the direct method involves joining the long-range PGR product (/.e. the vector)

and one fragment (i.e. a gene encoding a selectable marker). As discussed above, the

vector contains two different sequence regions substantially homologous to the target

DNA sequence. Preferably, the vector also contains a sequence encoding a selectable

5 marker, such as ampicillin. The vector and fragment are designed so that, when

treated to form single stranded ends, they will anneal such that the fragment is

positioned between the two different regions of substantial homology to the target

gene.

Although any method of cloning is suitable, it is preferred that ligation

10 independent cloning strategies be used to assemble the construct comprising two

O different homologous regions flanking a selectable marker. Ligation independent

Jlj cloning (LIC) is a strategy for the directional cloning ofpolynucleotides without the

ft] use of kinases or ligases. {See, e.g., Aslzmdis md 6.^ ]or\% {\99Qi) Nucleic Acids Res.

18:6069-6074; Rashtchian (1995) Current Opinion in Biotechnology 6:30-36).

H 1 5 Single-stranded tails are created in LIC vectors, usually by treating the vector (at a

J digested restriction enzyme site) with T4 DNA polymerase in the presence of only

O one dNTP. The 3' to 5' exonuciease activity ofT4 DNA polymerase removes

K ! nucleotides until it encounters a residue corresponding to the single dNTP present in

iJJ the reaction mix. At this point, the 5' to 3' polymerase activity ofthe enzyme

If? !
20 counteracts the exonuciease activity to prevent further excisioa The vector is

designed such that the single stranded tails created are non-complementary. For

example, in the pDG2 vector, none ofthe single stranded tails of the four annealing

sites are complementary to each other. PCR products are created by building

appropriate 5' extensions into oligonucleotide primers. The PCR product is purified

25 to remove dNTPs (and original plasmid if it was used as template) and then treated

with T4 DNA polymerase in the presence of the appropriate dNTP to generate the

specific vector-compatible overhangs. Cloning occurs by annealing ofthe compatible

tails. Single-stranded tails are created at the ends ofthe cloning fragments, for

example using chemical or enzymatic means. Complementary tails are created on the

30 vector; however, to prevent aimealing of the vector without insert, the vector tails are

not complementary to each other. The length ofthe tails is at least about 5
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nucleotides, preferably at least about 12 nucleotides, even more preferably at least

about 20 nucleotides.

In one embodiment, placing the overlapping vector and fragment(s) in the

same reaction is sufficient to anneal them. Alternatively, the complementary

5 sequences are combined, heated and allowed to slowly cool. Preferably the heatmg

step is between about 60°C and about lOO'^C, more preferably between about 60°C

and SO'^C, and even more preferably between about 60°C and 70°C. The heated

reactions are then allowed to cool. Generally, cooling occurs rather slowly, for

instance the reactions are generally at about room temperature after about an hour.

1 0 The cooling must be sufficiently slow as to allow annealing. The annealed

fragment/vector can be used immediately, or stored frozen at -20°C until use.

Further, annealing can be performed by adjusting the salt and temperature to

achieve suitable conditions. Hybridization reactions can be performed in solutions

ranging from about 10 mM NaCl to about 600 mM NaCl, at temperatures ranging

15 from about ST^C to about 65°C. It will be understood that the stringency of the

hybridization reaction is determined by both the salt concentration and the

temperature. For instance, a hybridization performed in 10 mM salt at 37°C may be

of similar stringency to one performed in 500 mM salt at 65°C. For the present

invention, any hybridization conditions may be used that form hybrids between

20 substantially homologous complementary sequences.

As shown in Figure 1 , in one embodiment, a construct is made after using any

of these annealing procedures where the vector portion contains the two different

regions of substantial homology to the target gene (amplified from the plasmid library

using long-range PGR) and the fragment is a gene encoding a selectable marker.

25 After aimealing, the construct is transformed into competent E. colt cells, for

example DH5-alpha cells by methods known in the art, to amplify the construct. The

isolated construct is then ready for introduction into ES cells.

2. Generation of Constructs from Phage Libraries

30 In another embodiment, a clone of interest is identified in a pooled genomic

library using PGR. In one embodiment, the PGR conditions are such that a gene

encoding a selectable marker can be inserted directly into the positively identified
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clone. The marker is positioned between two different sequences having substantial

homology to the target DNA.

A. Phage Libraries

Genomic phage libraries can be prepared by any method known in the art and

as described in the Examples. Preferably, a mouse embryonic stem cell library is

prepared in lambda phage by cleaving genomic DNA into fragments of approximately

20 kilobases in length. The fragments are then inserted into any suitable lambda

cloning vector, for example lambda Fix II or lambda Dash 11 (Stratagene, La Jolla,

CA)

B. Identification of Positive Clones

In order to quickly and efficiently screen a large number of clones from a

library, pools may be created of plated libraries. In a preferred embodiment, a

genomic lambda phage library is plated at a density of approximately 1,000 clones

(plaques) per plate. Sufficient plates are created to represent the entire genome of the

organism several times over. For example, approximately 1 million clones (1000

plates) will yield approximately 8 genome equivalents. The plaques are then

collected, for example by overlaying the plate with a buffer solution, incubating the

plates and recollecting the buffer. The amount of buffer used will vary according to

the plate size, generally one 100 mm diameter plate will be overlayed with

approximately 4 mL of buffer and approximately 2 mL will be collected.

It will be understood that the individual plate lysates can be pooled at any time

during this procedure and that they can be pooled in any combinations. For ease in

later identification of single clones, however, it is preferable to keep each plate lysate

separately and then make a pool. For example, each 2 mL lysate can be placed in a 96

well deep well plate. Pools can then be formed by taking an amount, preferably about

100 nl, from each well and combining them in the well ofa new plate. Preferably,

100 ^il of 12 individual plate lysates are combined in one well, forming a 1.2 mL pool

representative of 12,000 clones of the library.

Each pool is then PGR amplified using a set ofPGR primers known to amplify

the target gene. The target gene can be a known full-length gene or, more preferably.
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a partial cDNA sequence obtained from publicly available nucleic acid sequence

databases such as GenBank or EMBL. These databases include partial cDNA

sequences known as expressed sequence tags (ESTs). The oligonucleotide PCR

primers can be isolated from any organism by any method known in the art or,

5 preferably, synthesized by chemical means.

C. Generation ofHomologous Fragments

Once a positive clone of the target gene has been identified in a genomic

library, two fragments encoding separate portions of the target gene must be

1 0 generated. In other words, the flanking regions of the small known region of the

target (e.g., EST) are generated. Although the size of each flanking region is not

critical and can range from as few as 1 00 base pairs to as many as 100 kb, preferably

each flanking fragment is greater than about 1 kb in length, more preferably between

about 1 and about 10 kb, and even more preferably between about 1 and about 5 kb.

1 5 One of skill in the art will recognize that although larger fragments may increase the

number of homologous recombination events in ES cells, larger fragments will also be

more difficult to clone.

In one embodiment, one ofthe oligonucleotide PCR primers used to amplify a

flanking fragment is specific for library cloning vector, for example lambda phage,

20 Therefore, if the library is a lambda phage library, primers specific for the lambda

phage arms can be used in conjunction with primers specific for the positive clone to

generate long flanking fragments. Multiple PCR reactions can be set up to test

different combinations of primers. Preferably, the primers used will generate flanking

sequences between about 2 and about 6 kb in length.

25 Preferably, the oligonucleotide primers are designed with 5* sequences

complementary to the vector into which the Augments will be cloned. In addition, the

primers are also designed so that the flanking fragments will be in the proper 3 '-5*

orientation with respect to the vector and each other when the construct is assembled.

Thus, using PCR-based methods, for example, positive clones can be

30 identified by visualization of a band on an electrophoretic gel.

In one aspect of the present invention, the cloning involves a vector and two

fragments. The vector contains a positive selection marker, preferably Neo^ and
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cloning sites on each side of the positive selection marker for two different regions of

the target gene. Optionally, the vector also contains a sequence coding for a screening

marker (reporter gene), preferably, positioned opposite the positive selection marker.

The screening marker will be positioned outside the flanking regions of homologous

5 sequences. Figure 3A shows one embodiment ofthe vector with the screening

marker, GFP, positioned on one side of the vector. However, the screening marker

can be positioned anywhere between Not I and Site 4 on the side opposite the positive

selection marker, Neo*^.

One example of a suitable vector is the plasmid vector shown in Figure 2

10 having the sequence of SEQ ID NO: 1 . The specific nucleic acid ligation independent

Q cloning sites (also referred to herein as annealing sites) labeled "sites 1, 2, 3 or 4" in

Figure 1 are also shown herein. Generally, the cloning sites are lacking at least one

fij type of base, i.e., thymine (T), guanine (G), cytosine (C) or adenine (A), Accordingly,

IP

fj,
reacting the vector with an enzyme that acts as both a polymerase and exonuclease in

1 5 presence of only the one missing nucleotide will create an overhang. For example, T4

J DNA polymerase acts as both a 3 *-5 * exonuclease and a polymerase. Thus, when

there are insufficient nucleotides available for the polymerase activity, T4 will act as

n \ an exonuclease. Specific overhangs can therefore be created by reacting the pDG2

5:" vector with T4 DNA polymerase in the presence ofdTTP only. Other enzymes useful

H I 20 in the practice of this invention will be known to those in the art, for instance uracil

DNA glycosylase (UDG) {See, e.g., WO 93/18175). The vector exemplified herein

has an overhang of 24 nucleotides. It will be known by those skilled in the art that as

few as 5 nucleotides are required for successful ligation independent cloning.

In another embodiment, a construct is assembled in a two-step cloning

25 protocol. In the first step, each cloning region ofhomology is separately cloned into

two of the anealing sites of the vector. For example, an "upstream" region of

homology is cloned into annealing sites I and 2 ^v^^e in a separate cloning, a

"downstream" region ofhomology is cloned into annealing sites 3 and 4. Once clones

containing each single region ofhomology are identified, a targeting constmct

30 containing both regions of homology can be created by digesting each clone with

restriction enzymes where one enzyme digests outside of annealing site 1 (e.g., Not I

in figure 2A) and another enzyme digests between the positive selection marker and
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annealing site 3 (e.g., Sal I in figure 2A). The fiagments containing the flanking

homology regions from each construct will be purified (e.g. by gel electrophoresis)

and combined using standard ligation techniques known in the art, to produce the

resulting targeting construct.

5 In yet another embodiment, a construct according to one aspect of the present

invention can be formed in a single-step, four way ligation procedure. The vector and

fragments are treated as described above. Briefly, the vector is treated to form two

pieces, each piece having a smgle-stranded tail of specific sequence on each end.

Likewise, the PCR amplified flanking fragments are also treated to form single-

1 0 stranded tails complementary to those of the vector pieces. The treated vector pieces

r.l and fragments are combined and allowed to anneal as described above. Because of

the specificity of the single-stranded tails, the fmal construct will contain the

fi:agments separated by the positive selection marker in the proper orientation.

The fmal plasmid constructs can be used immediately for introduction into ES

1 5 cells, or stored frozen at -20°C until use.

The following examples are intended only to illustrate the present invention

and should in no way be construed as limiting the subject invention.

20

EXAMPLES

Example 1 : Direct Construct Construction from a Plasmid Library

Genomic libraries using the lambda ZAP™ system were prepared as follows.

25 Embryonic stem cells were grown in 1 00 nun tissue culture plates. High molecular

weight genomic DNA was isolated from these ES cells by adding 5 mL of lysis buffer

(10 mM tris-HCL pH 7.5, lOmM EDTA pH 8.0, 10 mM NaCl, 0.5% SDS, and 1

mg/ml Proteinase K) to a confluent 100 mm plate ofembryonic stem ceils. The cells

were then incubated at 60°C for several hours or until fully lysed. Genomic DNA was

30 purified from the lysed cells by several rounds of gentle phenohchloroform

extractions followed by ethanol precipitation.
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The genomic DNA was partially digested with the restriction enzyme Sau 3A

I

to generate fragments of approximately 5-20 kb. The ends of these fragments were

partially filled in by addition ofdATP and dGTP in the presence ofKlenow DNA

polymerase, creating incompatible ends on the genomic fragments. Size fragments of

between 5 and 10 kb were then purified by agarose gel electrophoresis (Ix TAE, 0.8%

gel). The DNA was then isolated from the excised agarose pieces using a QIAquick

gel extraction kit (Qiagen, Inc., Valencia, CA).

The genomic fragments were ligated into the Lambda Zap^" II vector

(Stratagene, Inc., La Jolla, CA) that had been cut with Xho I and partially filled in

using dTTP, dCTP, and Klenow DNA polymerase. After ligation, the DNA was

packaged using a lambda packaging mix (Gigapack III gold, Stratagene, Inc., La Jolla,

CA) and the titer was determined.

Circular phagemid DNA was derived from the lambda library by growing the

lambda clones on the appropriate bacterial strain (XL-1 Blue MRF', Stratagene, Inc.)

in the presence ofthe M13 helper phage, ExAssist (Stratagene, Inc.). Specifically,

approximately 100,000 lambda clones were incubated with a 10-100 fold excess of

both bacteria and helper phage for 20 minutes at 37 "C. One ml ofLB media + lOmM

MgS04 was added to each excision reaction and it was incubated overnight at 37°C

with shaking. Typically 24-96 of these reactions were set up at a time in a 96 well

deep-well block. The following morning, the block was heated to 65 °C for 15

minutes to kill both the bacteria and the lambda phage. Bacterial debris was removed

by centrifiigation at approximately 3000g for 15 minutes. The supernatant containing

the circular phagemid DNA, was retained and used directly in plasmid PGR

experiments (see Examples 9 and 10 for plasmid PGR experiments).

The pools ofphagemid DNA described above were screened for specific genes

of interest using long-range PGR and "outward pointing" oligos, chosen as described

above based on the known sequence (depicted in Figure 1). The PGR reactions

contains 2 }xl ofa pool phagemid DNA sample, 3 fil of lOx PGR Buffer 3 (Boehringer

Mannheim), 1.1 nl 10 mM dNTPs, 50 nM primers. 0.3 \i\ ofEXPAND Long

Template PGR Enzyme Mix (Boehiinger-Mannheim) and 30 ^il of HjO. Cycling

conditions were 94°G for 2 minutes (1 cycle); 94''C for 10 seconds, 65°G for 30

seconds, 6%°C for 15 seconds (15 cycles); 94°C for 10 seconds, 60°G for 30 seconds.
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68°C for 15 seconds plus 20 seconds increase per each additional cycle (25 cycles);

68°C for 7 minutes (1 cycle) and holding at 4°C.

The products of the PGR reactions were separated by electrophoresis through

agarose gels containing IX TAE buffer and visualized with ethidium bromide and UV

5 light. Any large fragments indicative of successful long-range PGR were excised

from the gel and purified using QIAquick PGR purification kit (Qiagen).

In order to eliminate the need to restriction map the PGR fragments, the

following ligation independent cloning strategy was employed. The long range PGR

fragment of interest was "purified" using a QIAquick PGR purification kit (Qiagen,

10 Inc., Santa Clarita, California). Single-stranded ends of the PGR fragments were

generated by mixing: 0.1-2 ^g of the Augment; 2 ^1 ofNEB (New England BioLabs)

Buffer 4; 1 id of 2 mM dTTP, 6 units ofT4 polymerase (NEB), H^O to total volume

of 20 |j.l and incubating at 25°C for 30minutes. The polymerase is inactivated by

heating at 75*G for 20 minutes. Single-stranded ends were also created on the Neo*^

1 5 selectable marker fragment by digesting the plasmid vector pDG2 at the unique

restriction sites, with Sad and SacII (pDG2 depicted in Figure 2A) and treating each

reaction with T4 polymerase as above. The vector shown in Figure 1 was prepared

with single-stranded ends complementary to those on the long range PGR fragment.

The vector and fragments were then assembled into constructs using either a

20 two-step cloning strategy or a four-way, single-step protocol. Briefly, a reaction

containing 10 ng ofT4 treated NEO cassette, 2 jil of T4-treated PGR fragment. 0.2 ul

of 0.5 M EDTA, 0.3 \d of 0.5 M NaCl and HjO up to 4 ^1 was heated to 65°C and

allowed to cool to room temperature over approximately 45 minutes. The mixture

was then transformed into subcloning DH5-a efSciency competent cells.

25

Example 2: Generation of Constructs fixjm Phage Libraries

A mouse embryonic stem cell library was prepared in lambda phage as

follows. Genomic libraries were constructed from genomic DNA by partial cleavage

ofDNA at Sau 3AI sites to yield genoniic fragments of approximately 20 kb in

30 length. The terminal sequences of these DNA fragments were partially filled in using

FGenow enzyme in the presence ofdGTP and dATP and the fragments were ligated

using T4 DNA ligase into Xho I sites of an appropriate lambda cloning vector, e.g.,
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lambda Fix II (Stratagene, Inc., La Jolla, California), which had been partially filled in

using Klenow in the presence of dTTP and dCTP. Alternatively, the partially digested

genomic DNA was size selected using a sucrose gradient and sequences of

approximately 20 kb selected for. The enriched fraction was cloned into a Bam HI cut

lambda vector, e.g., lambda Dash II (Stratagene, Inc., La Jolla, California).

The library was plated onto 1,152 plates, each plate containing approximately

1,000 clones. Thus, a total of 1 .1 million clones (the equivalent of 8 genomes) was

plated.

The phage were eluted from each plate by adding 4 mL of lambda elution

buffer (10 mM MgClj, 10 mM Tris-pH 8.0) to each plate and incubating for 3 to 5

hours at room temperature. After incubation, 2 mL of buffer was collected from each

plate and placed into one well of a 96 deep well plate (Costar, Inc.). Twelve 96-well

plates were filled and referred to as the "sub-pool library."

Using the sub-pool library, "pool libraries" were made by placing 100 ^il of 12

different sub-pool wells into one well of a new 96 well plate. The 12 sub-pool plates

were combined to form 1 plate ofpool libraries.

Using a pair of oligonucleotides that were known to PGR amplify the gene of

interest, supernatant from the 96 pools of the "large-pool library" were amplified.

PGR was performed in the presence of 0.5 units ofAmplitaq Gold™ (Perkin Ekner), 1

^M of each oligonucleotide, 200 nM dNTPs, 2 jil ofa 1 to 5 dilution of the pool (or

subpool) supernatant, 50 mM KCl, 100 mM Tris-HCl (pH 8.3), and either 1.5 mM or

1 .25 mM MgCU. Cycling conditions were 95<'C for 8 minutes (1 cycle); 95'*C for 30

seconds, 60°C for 30 seconds, 72**C for 45 seconds (55 cycles); 72**C for 7 minutes (1

cycle) and holding at 4°C. Depending on the gene, between about 3 and 12 pools

yielded positive signals as identified on agarose gels as described in Example 1 . In

cases where fiirther purification was necessary (i.e. where a clear signal was not

present after amplification), the 12 sub-pools making up the pool were subjected to

amplification using the same primers and a single sub-pool (1000 clones) was

identified.
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Generation of flanking fragments

As described above, knock-out constructs contain two blocks ofDNA

sequence homologous to the target gene, flanking a positive selection marker. Long

range PGR was performed from the pools oflambda clones positively identified as

5 described above in Example 2. Each fragment was generated using a pair of

oligonucleotides with predetermined sequences lacking one type of base and

complementary to predetermined sequences on the vector. The fragments obtained

were between 1 and 5 kb. A third fragment, longer than 5 kb, is also generated using

appropriate oligonucleotides. This third fragment was then used to obtain DNA

10 sequences near the gene to be knocked out but outside ofthe vector.

i£i Example 3: Two-Step Cloning- General Procedure

The pDG2 plasmid vector (Figure 2A) contains unique restriction sites SacII

y j
and Sac I. Appropriate single-stranded annealing sites were generated by digesting

J^'
1 5 the pDG2 vector with either restriction enzyme SacII or SacI and treating each

5 i
reaction with T4 polymerase and dTTP as described above. Four reactions were set

up in microtiter plates for each vector, the reaction containing 1 jxl of T4-treated

N= vector, 0.2 ^1 of0.5M EDTA, 3 ^1 of0.5M NaCI and 0.5 ^l H,0 and 1 of either (1)
in }

yi T4 polymerase-treated fragments; (2) a 1 : 10 dihrtion ofthe T4-treated fragments

O 20 reaction; (3) a 1 : 1 00 dilution ofthe T4-treated fragments or (4) Hfi (no insert

'ft
\

control). The microtiter plates were sealed, placed in-between two temperature blocks

heated to 65°C, and allowed to cool slowly at room temperature for 30 to 45 minutes.

The microtiter plate was then placed on ice and 20-25 iil of subcloning

efficiency competent cells added to each well. The plate was incubated on ice for 20-

25 30 minutes. The microtiter plate was then placed between two temperature blocks

heated to 42°C for 2 minutes, followed by 2 minutes on ice. 100 |il ofLB was added

to each well, the plate covered with parafilm and incubated 30-60 minutes at 37°C.

The entire contents ofeach well were plated on one LB-Amp plate and incubated at

37*»C overnight.

30 Between about 12-24 colonies were picked from plates which had at least 2-4

limes more colonies than the no insert control. The colonies were grown in deep well
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plates overnight at 37°C and then the plasmid DNA extracted using a Qiagen mini-

prep kit.

The plasmid DNA was digested with Not I and Sal I enzymes. As shown in

Figure 2A, a Not I/Sal I digestion will generate a large fragment contauiing cloning

5 sites 3 and 4 and a smaller fragment containing cloning sites 1 and 2 and the Neo*^

gene. After digestion, the reactions were run on a 0.8% agarose gel containing 0.2

|ig/mL ethidium bromide. For no inserts, two bands were present, one of 1975 base

pairs and one of 2793 base pairs. When an insert fragment was present, at least one of

these bands would be larger because it would also contain a fragment (insert 1 or 2)

10 either at the annealing site 1/2 or the site 3/4. The insert bands were excised and

treated with a QIAquick gel extraction kit. A second ligation reaction was performed

containing 1 ^1 of lOX ligase buffer (50 mM Tris-HCl pH 7.5, 10 mM MgCl^, 10 mM
dithiothreitol, 1 mM ATP, 25 ng/mL bovine serum albumin), 1 |il T4 DNA ligase, 1-2

Hl fragment (site 3/4 band), 5 \x\ of site 1/2 band and HjO up to 10 |al. Controls were

1 5 also set up replacing either the site 3/4 fragment or the site 1/2 fragment with water.

11 The reactions were incubated 1 to 2 hours at room temperature and transformed with

25 ^l of competent cells.

The following description applies to the Examples that follow. The sequences

;i
20 of the target genes are known and publicly available and were primarily obtained from

the EST database. The oligo primers for PGR amplification of the target genes were

prepared based on these sequences. "Flanking DNA" in the context ofthese examples

refers to the genomic sequences flanking the region in the target gene that is to be

deleted or mutated. "Flanking DNA" is also described above as the blocks ofDNA

25 sequence homologous to the target gene. RI genomic library refers to a genomic

library prepared from the Rl ES cell line. Such libraries can be prepared such as

described in Example 1 . To date, the methods ofthe invention have been practiced in

about 2O0 known and novel target genes.
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Example 4: Two-way Cloning of Targeting Construct for Target 2, a Metalloprotease

Gene

Identification of flanking DNA for Target 2, a metalloprotease gene.

5 Individual pools of an Rl genomic library were PCR amplified under standard

conditions using oligos #174 (SEQ ID N0:19) and #180 (SEQ ID NO:20) in order to

identify individual wells containing genomic DNA of target #2 as indicated by the

presence of a 500 bp band. A total of 12 pools, each containing approximately 12,000

clones were identified (pools A5, A7, C2, D2, E5, ElO, F7, Gl, G7, H2, H4, H7).

1 0 Pool C2 was then amplified using oligos 454 (SEQ ID N0:2 1 ) and 463 (SEQ ID

NO:22) to generate a 2000 bp band, and pool H2 amplified using oligos 464

(SEQ ID NO:23) and 42 (SEQ ID NO:24) to generate a 2700 bp band. These two

bands contained flanking DNA for target 2.

15 Construction of targeting construct.

Each band containing flanking DNA for target 2 was gel purified from an

agarose gel and the ends were treated individually with T4 DNA polymerase in the

presence ofdTTP in order to produce single stranded overhangs. Each ofthese bands

was then cloned individually into plasmid vector pDG2 (shown in Figure 2A). The

20 C2 band was cloned into Sac Il-digested pDG2 that had been treated with T4 DNA

polymerase in the presence ofdATP, by hgation independent cloning. In a separate

reaction, the H2 band was cloned into Sac I-digested pDG2 that had been treated with

T4 DNA polymerase in the presence ofdATP by ligation independent cloning.

In order to move the two flanking arms into a single targeting vector, each

25 vector above was digested with Not I / Sal I and the 4 kb fragment containing the C2

band and the 5 kb fragment containing the H2 band were gel purified. These two

fragments were ligated together with T4 DNA ligase using standard conditions, and

recombinants containing both flanking aims were identified. Out of 12 colonies

examined, all 12 were correct, i.e. contained both arms correctly flanking the positive

30 selection marker, Neo*^.
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Example 5: Two-way Cloning of Targeting Construct for Target 54, a Serine Protease

Gene

Identification of flanking DNA for target 54:

5 Individual pools of an Rl genomic library were PGR amplified under standard

conditions using oligos #151 (SEQ ID NO:25) and #155 (SEQ ID NO:26) in order to

identify individual wells containing genomic DNA of target #54 as indicated by the

presence ofa 179 bp band. A total of 12 pools, each containing approximately 12,000

clones were identified (pools A4, AlO, B2, B9, C9, El, E6, F8, G4, H6. H7, and H9).

10 Pool G4 was then amplified using oligos 454 (SEQ ID NO:27) and 465 (SEQ ID

NO:28) to generate a 1400 bp band and pool H7 was amplified using oligos 466 (SEQ

ID NO:29) and 42 (SEQ ID NO:24) to generate a 3000 bp band. These two bands

contained flanking DNA for target 54.

1 5 Construction of targeting construct.

Each band was gel purified fix>m an agarose gel and the ends were treated

individually with T4 DNA polymerase in the presence ofdTTP in order to produce

single stranded overhangs. Each ofthese bands were then cloned individually into

pDG2. The G4 band was cloned into Sac n cut pDG2 that had been treated with T4

20 DNA polymerase in the presence ofdATP by ligation independent cloning. In a

separate reaction, the H7 band was cloned into Sac I cut pDG2 that had been treated

with T4 DNA polymerase in the presence ofdATP by ligation independent cloning.

In order to move the two flanking arms into a single targeting vector, each

vector above was digested with Not I / Sal I and the 6 kb fragment containing the G4

25 band and the 8 kb fi^igment containing the H7 band were gel purified. These two

fiagments were ligated together with T4 DNA ligase using standard conditions and

recombinants containing both flanking arms were identified. Out of 24 colonies

examined, 14 had the correct inserts.

30
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Example 6: Single-step (Four-Way) Cloning - General Procedure

Because each single-stranded annealing site is unique, a four-way ligation

strategy was also used to generate constructs in a single step. The annealing reactions

were set up as described above except that each reaction contained a vector digested

with both Sad and SacII, and both T4-treated fragments were added to these

reactions.

Example 7: Four-way Cloning of Targeting Construct for Target 43, a Gene for a G-

protein Coupled Receptor

Identification of flanking DNA for target 43:

Individual pools ofan Rl genomic library were PCR amplified imder standard

conditions using oligos #1 (SEQ ID NO:30) and #2 (SEQ ID N0:3
1 ) in order to

identify individual wells containing genomic DNA of target #43 as indicated by the

presence of a 414bp band. A total of 1 1 pools, each containing approximately 12,000

clones were identified (pools A3, A5. A9, B4, D4, DIO, El, E9, F9, G7, and G8).

Pool El was then amplified using oligos 41 (SEQ ID NO:32) and 38 (SEQ ID NO:33)

to generate a 1500 bp band and pool DIO was amplified using oligos 40 (SEQ ID

NO:34) and 37 (SEQ ID NO:35) to generate a 3500 bp band. These two bands

contained flanking DNA for target 43.

Construction of targeting construct

Each band was gel purified from an agarose gel and the ends were treated

individually with T4 DNA polymerase in the presence ofdTTP in order to produce

single stranded overhangs. These inserts were then mixed with ~50ng ofpDG2 that

had been digested with both Sac I and Sac II followed by treatment with T4 DNA

polymerase in- the presence ofdATP. The DNA mixture was heated to 65'C for 2

minutes followed by a 5 minute incubation on ice. The aimealed DNA was then

transfonned into competent DH5a cells and recombinant molecules were obtained by

selection on ampicilin agarose plates. After incubation overnight at 37°C, individual

colonies were picked and grown up for analysis. Recombinant molecules were
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identified by appropriate restriction enzyme digestion. Out of52 colonies examined,

35 had the correct restriction pattern for the expected product

Example 8: Four-way Cloning of Targeting Construct for Target 244, a Novel

Gene

Identificatioa of flanking DNA for target 244

Individual pools of an Rl genomic library were PCR amplified under standard

conditions using oligos #540 (SEQ ID NO:36) and #546 (SEQ ID NO:37) in order to

identify individual wells containing genomic DNA of target #244 as indicated by tiie

presence of a 246bp band. A total of 16 pools, each containing approximately 12,000

clones were identified (pools Al, Bl, A3, A5, A6, B6, A8, C9, DIO, El, F2, E5, E6,

FIO, G9, and H8). Pool G9 was then amplified using oligos 445 (SEQ ID NO:38) and

667 (SEQ ID NO:39) to generate a 1300 bp band and pool A6 was amplified using

oligos 668 (SEQ ID NO:40) and 42 (SEQ ID NO:24) to generate a 1600 bp band.

These two bands contained flanking DNA for target 244.

Construction of targeting construct.

Each band was gel purified from an agarose gel and the ends were treated

individually with T4 DNA polymerase in the presence ofdTTP in order to produce

single stranded overhangs. These inserts were then mixed with -SOng ofpDG2 that

had been digested with both Sac I and Sac II followed by treatment with T4 DNA

polymerase in the presence ofdATP. The DNA mixture was heated to 65**C for 2

minutes followed by a 5 minute incubation on ice. The annealed DNA was then

transfomied into competent DHSa cells and recombinant molecules were obtained by

selection on ampicilin agarose plates. After incubation overnight at 37°C, mdividual

colonies were picked and grown up for analysis. Recombinant molecules were

identified by appropriate restriction enzyme digestion. Out of 12 colonies examined.

2 had the correct restriction pattern for the expected product
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Examples 9 and 10 below provide the plasmid PGR method (schematized in

Figure 1) as an alternative and preferred method over the 2-way and 4-way strategies

described in the Examples above.

Example 9: Plasmid PGR Method of Cloning Targeting Construct for Target 227, a

Novel Gene

Amplification of genomic clone

Individual pools of a plasmid PGR genomic library made from Rl ES cells,

cloned into lambda Zap II and subsequently excised using Ml 3 helper phage

mediated-excision, were amplified using oligos 907 (SEQ ID N0:41) and 908 (SEQ

ID NO:42). These oligos amplified a product of approximately 9kb from pool 6 of the

library. This firagment, containing both flanking arms for target 227 as well as the

plasmid pBluescript backbone, was isolated from an agarose gel.

Construction of targeting construct

The isolated DNA fragment was treated with T4 DNA polymerase in the

presence ofdTTP in order to generate appropriate single-stranded ends. This

fragment was then annealed (ligation independent) with a neo gene fragment obtained

from pDG2 that had been digested with both Sac I and Sac 11 followed by treatment

with T4 DNA polymerase in die presence ofdATP. The digestion and polymerase

treatment yielded a neo gene with ends that would specifically anneal to the target 227

fragment Annealing reactions were set up essentially as described above and a target

227 construct was obtained (13 out of 14 clones were correct).

Example 10: Plasmid PGR Method of Cloning Targeting Construct for Target 125. a

Nuclear Hormone Receptor Gene

Amplification of genomic clone.

Individual pools ofa plasmid PGR library made from Rl ES cells, cloned into

lambda Zap II and subsequently excised using Ml 3 helper phage mediated excision

were amplified using oligos 1 157 (SEQ ID NO:43) and 1 158 (SEQ ID NO;44). These
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oligos amplified a product of approximately lOkb from pool 10 of the library. This

fragment, containing both flanking aims for target 125 as well as a pBluescript

backbone, was isolated from an agarose gel.

5 Construction of targeting construct.

The isolated DNA fragment was treated with T4 DNA polymerase in the

presence ofdTTP in order to generate appropriate single-stranded ends. This

fragment was then annealed with a neo gene fragment obtained from pDG2 that had

been digested with both Sac I and Sac II followed by treatment with T4 DNA
1 0 polymerase in the presence ofdATP. This yielded a neo gene with ends that would

specifically aimeal to the target 125 fragment. Annealmg reactions were set up

essentially as described above and a target 125 construct was obtained (12 out of 18

clones were correct),

15 Example 1 1 : Use ofGFP as screening marker

The addition of the GFP (Green Fluorescent Protein) gene outside the region

ofhomology with the target gene allows one to enrich for homologous recombinants

(recombination occurring between the targeting construct and the target gene in the

ES ceil) by screening ES cell colonies under a fluorescent light. Rapidly growing ES

20 cells were trypsinized to make single cell suspensions. The respective targeting

vector was linearized with a restriction endonuclease and 20 |ig ofDNA was added to

10 X 10* ES cells in ES medium {High Glucose DMEM (without L-Glutamine or

Sodium Pyruvate) with LIF (Leukemia Inhibitory Factor-Gibco 13275-029

"ESGRO**) 1,000 units/ml, and 12% Fetal Calf Serum}. CeUs were placed into a 2

25 mm gap cuvette and electroplated on a BTX electroporator at 400 pF resistance and

200 volts. Immediately after electroporation, ES cells were plated at Ix 10* cells per

100mm gelatinized tissue culture plate. 48 hours later, media was changed to ES

media + G418 (200 ug/ml). Media was changed on days 4, 6, and 8 with ES media +

G418 (200 ug/ml). On days 10-12 the plates were then placed under an ultraviolet

30 light and the ES cell colonies were scored on whether or not they were fluorescent.

The basis of this experiment is that the fluorescent cells have randomly integrated the

targeting vector and the GFP gene is intact. Cells that have undergone homologous
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recombination will have deleted the GFP gene and not fluoresce; these are the clones

of interest.

Tables 1 and 2 below show the results of typical GFP screening experiments.

These data were from experiments involving 4 different target genes. This GFP

screening procedure has been used successfully to enrich for homologous

recombinants for 12 different target genes thus far.

Table 1 shows the data for 3 targeted genes where ES colonies were previously

tested for homologous recombination without a GFP gene marker; in two cases no

homologous integrants were found. For the third gene, only 1 recombinant was found

in 907 ES colonies that were tested. The GFP gene was then inserted in the targeting

vector outside the region ofhomology and the experiments were repeated as described

above. After selecting only ES colonies that do not express the GFP, homologous

recombinants were found for all 3 genes. The enrichment was 4-5 fold, thus

decreasing substantially the number ofcolonies that must be screened. In Table 2,

data is presented in which a fourth gene was targeted with a knock-out construct

containing a GFP screening marker, hx this experiment, an equivalent number of

colonies were tested for homologous recombination from colonies that were picked at

random compared to those that were screened for GFP loss. There was only a smgle

homologous recombinant in the randomly picked colonies as compared to 4 in those

screened for GFP expression. These data indicate that the addition ofGFP screening

marker to targeting vectors significantly reduces the number of colonies that must be

assayed to find homologous recombinants in ES cells.
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Example 12: Production of Mice with Mutated Gene

After the colonies that are non-flourescent have been identified, they are

picked into 96-well plates with trypsin. After the colonies have been m the typsin

for 5-10 minutes the cells are divided into duplicate plates containing ES medium

5 (one plate to freeze and one plate from which to make DNA to screen the colonies

for homologous recombination events). The plate for freezing is typically grown

for 2-5 days before it is frozen (freeze media: 50% FBS, 40% DMEM and 10%

DMSO). The DNA plate is typically overgrown and refed for 8-10 days before it

is lysed to prepare DNA for PGR or Southem blot analysis (lysis buffer: lOmM

10 TRIS pH 7.5, lOmM EDTA pH 8.0, lOmM NaCl, 0.5% sarcosyl and Img/ml

1^1 Proteinase K). The DNA is then precipitated with 2 voliimes of ethanol and

resuspended in the appropriate buffer for PCRs or restriction enzyme digestion.

Upon confirmation ofhomologous recombination events, the positive

well(s) is thawed into a 24-well tissue culture dish that has been previously plated

15 with mitomycin C treated mouse embryonic fibroblasts (24 hours prior). The cells

are grown up to sufificient levels for diploid aggregation (CD-I host strain) or

blastocyst injection (C57BL/6 host strain) and also for additional freezing of stock

vials. For general procedures for the handling ofES cells and the production of

chimeric mice from ES cells, refer to Teratocarcinomas and Embryonic Stem

20 Cells-a Practical Approach (Ed. EJ Robertson, IRL Press Limited, 1987). The

blastocysts are then implanted in pseudo pregnant female CD-I mice. Offspring

are bom 17-20 days later. Highly chimeric mice are then bred to produce

germline transmission of the mutated gene.

25 As is apparent to one of skill in the art, various modification and variations

of the above embodiments can be made without departing from the spirit and

scope of this invention. These modifications and variations are within the scope

of this invention.
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